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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an aluminum alloy sheet which has excellent 
formability, excellent hardenability during baking of coating, excellent shape 
fixability and resistance to denting, and further has excellent corrosion 
resistance. 

SOLUTION: The aluminum alloy sheet consists of an aluminum alloy having a 
composition containing 0.5 to 1.5% Si and 0.2 to 1.0% Mg, and the balance Al 
with impurities, or an aluminum alloy further containing 0. 1 to 0.3% Zn or one 
or more kinds selected from ≤l/0% Cu, ≤0.3% Mn, ≤0.3% Cr, ≤0.2% V 
and ≤0. 15% Zr. The alloy sheet has a critical bend radius of 0.5 mm or less 
at 180° bending after 10% tensile deformation even when its proof stress 
exceeds 140 MPa by aging at room temperature after solution treatment and 
quenching. The aluminum alloy sheet is produced by subjecting an ingot to 
homogenization treatment, thereafter subjecting it hot rolling thereto, further 
subjecting the steel sheet to cold rolling, and subsequently subjecting the 
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steel sheet to solution treatment and quenching at ≥500°C. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Si: The aluminium alloy plate excellent in the moldability and paint printing hardenability which are the 
aluminium alloy plate which contains 0.5-1.5% (it is the same mass % and the following) and Mg:0.2-1.0%, and 
consists of the remainder aluminum and an impurity, and are characterize by the inside marginal bend radii in 180- 
degree bending after 10% **** deformation be 0.5mm or less when proof stress exceeds 140MPa(s) according to room 
temperature aging after solution treatment and hardening. 

[Claim 2] Contain Si:0.5-1.5% and Mg:0.2-1.0%, and are the aluminium alloy plate which consists of the remainder 
aluminum and an impurity, and it sets after solution treatment and hardening. For the overall diameter of a Mg-Si 
system compound, the number of the compounds of 10 micrometers or less and the diameter of 2-10 micrometer is 2 
1000 pieces/mm. [ when it is the following and proof stress exceeds 140MPa(s) according to room temperature aging ] 
The aluminium alloy plate excellent in the moldability and paint printing hardenability which are characterized by the 
inside marginal bend radii in 180-degree bending after 10% **** deformation being 0.5mm or less. 
[Claim 3] The aluminium alloy plate excellent in the moldability according to claim 1 or 2 and paint printing 
hardenability to which said aluminium alloy plate is characterized by containing Zri:0. 1-0.3% further. 
[Claim 4] Contain Si:0.8-1.2%, Mg:0.4-0.7%, and Zn:0. 1-0.3%, and are the aluminium alloy plate which consists of the 
remainder aluminum and an impurity, and it sets after solution treatment and hardening. For the overall diameter of a 
Mg-Si system compound, the number of the compounds of 10 micrometers or less and the diameter of 2-10 micrometer 
is 2 1000 pieces/mm. [ when it is the following and proof stress exceeds 140MPa(s) according to room temperature 
aging ] The aluminium alloy plate excellent in the moldability and paint printing hardenability which are characterized 
by the inside marginal bend radii in 180-degree bending after 10% **** deformation being 0.2mm or less. 
[Claim 5] The aluminium alloy plate excellent in the moldability according to claim 1 to 4 and paint printing 
hardenability to which said aluminium alloy plate is characterized by containing less than [ Cu:1.0% ] (it being below 
the same excluding 0%) further. 

[Claim 6] The aluminium alloy plate excellent in the moldability according to claim 1 to 5 and paint printing 
hardenability to which said aluminium alloy plate is characterized by containing one or more sorts in less than 
[ Zr:0.15% ] further less than [ Mn:0.3% ], less than [ Cr:0.3% ], and V:0.2% or less. 

[Claim 7] The aluminium alloy plate excellent in the moldability according to claim 1 to 6 and paint printing 
hardenability to which said aluminium alloy plate is further characterized by containing at least one of less than 
[ Ti:0.1% ] and B:50 ppm or less. 

[Claim 8] It is the manufacture approach of an aluminium alloy plate according to claim 1 to 7. The ingot of an 
aluminium alloy which has a presentation according to claim 1 to 7 It cools to the predetermined temperature of a 350- 
500-degree C temperature requirement with the cooling rate of 100 degrees C/h or more after homogenization at the 
temperature of 450 degrees C or more. The manufacture approach of an aluminium alloy plate of having excelled in the 
moldability and paint printing hardenability which are characterized by performing solution treatment and hardening at 
the temperature of 500 degrees C or more after performing the hot rolling which starts rolling and cold-rolling further 
at this predetermined temperature. 

[Claim 9] It is the manufacture approach of an aluminium alloy plate according to claim 1 to 7. The ingot of an 
aluminium alloy which has a presentation according to claim 1 to 7 It cools to the temperature below ordinary 
temperature -350 degree C after homogenization at the temperature of 450 degrees C or more. In this cooling, even 350 
degrees C is cooled with the cooling rate of 100 degrees C/h or more. Subsequently, the manufacture approach of an 
aluminium alloy plate of having excelled in the moldability and paint printing hardenability which are characterized by 
performing solution treatment and hardening at the temperature of 500 degrees C or more after performing the hot 
rolling which reheats in temperature of 350-500 degrees C, and starts rolling and cold-rolling further. 
[Claim 10] The manufacture approach of an aluminium alloy plate excellent in the moldability according to claim 8 or 
9 and paint printing hardenability which are characterized by performing hardening which cools even 120 degrees C 



with the cooling rate of 5 degrees C/s or more after said solution treatment, and performing heat treatment of less than 
5 Oh at the temperature of 40-120 degrees C within 60 minutes after hardening. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is excellent in a moldability and paint printing hardenability, and relates to a 
transportation device member especially an aluminium alloy plate suitable as a shell plate for automobiles, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] As a shell plate for automobiles, one moldability, 2 configuration freezing nature 
(property that the configuration of a press die comes out correctly at the time of press working of sheet metal), dent- 
proof [ 3 ] nature, 4 corrosion resistance, 5 product surface condition, etc. are required. As a shell plate for automobiles 
conventionally Although the 5000 system aluminium alloy and the 6000 system aluminium alloy have been applied, 
since it excels in paint printing hardenability and high intensity is obtained, the 6000 system aluminium alloy which 
can expect thinning and lightweight-ization further attracts attention, and various amelioration is performed. 
[0003] Although dent-proof nature becomes so good that proof stress is large and both conflict about proof stress to 
becoming so good [ configuration freezing nature ] among the aforementioned properties demanded as a shell plate for 
automobiles that the proof stress of an ingredient being small In a 6000 system aluminium alloy, press working of sheet 
metal is performed in the low phase of proof stress excellent in configuration freezing nature. It was made to harden at 
a paint printing process after that, proof stress was heightened, and this opposite problem is solved by the technique of 
raising dent-proof nature (JP,5-247610,A, JP,5-279822,A, JP,6-17208,A, etc.). 

[0004] About the product surface condition after fabrication, generating of surface deterioration, a RI JINGU mark 
(long muscle-like defect produced in a rolling direction by plastic working), etc. is experienced also in the 6000 system 
aluminium alloy. About the product surface condition defect, solution is achieved by adjustment of an alloy content, or 
management of manufacture conditions. For example, for control of a RIJINGU mark After homogenizing at the 
temperature of 500 degrees C or more, it cools to 450-350 degrees C. preventing generation of a big and rough sludge 
is proposed by starting hot rolling in this temperature region --**** (JP,7-228956,A) - When the cooling rate in the 
case of cooling in hot rolling temperature of 450 degrees C from the homogenization temperature of 500 degrees C or 
more becomes slow, condensation-ization of a Mg-Si system compound arises, therefore the solution treatment of an 
elevated temperature and long duration is needed in a subsequent process, and there is a problem of reducing 
manufacture top efficiency. 

[0005] Although severe 180-degree bending (flat hem processing) of processing conditions with the small ratio (RA) of 
a flexural-center radius (R) and board thickness (t) was performed about the moldability when the charge of outer panel 
material of the shell plate for automobiles assembled with the charge of inner panel material, compared with the 5000 
system aluminium alloy, bending workability was inferior in the 6000 system aluminium alloy, and the problem had 
produced it in flat hem workability by the part where press workability is large. 

[0006] In order to attain good press-forming nature and hem workability, in the 6000 system aluminium alloy material 
which regulated Fe to 0.30% or less, the pitch diameter of the aluminum-Fe system compound after solution treatment 
and a Mg2 Si crystallization object, average spacing, and specifying the pitch diameter and number density of a 
particulate material, such as an aluminum-Mn system, further are proposed including Mn:0.0 1-0.30% (JP,2000- 
14429, A). Although an improvement of a remarkable moldability is obtained by this technique Artificers set into a 
6000 system alloy, as a result of examining technique for improving further the moldability, especially bending 
workability of 6000 system aluminium alloy material. Especially in order to acquire the bending workability which was 
furthermore excellent, the knowledge of the desirable deposit condition of a Mg-Si system compound being acquired 
after solution treatment and hardening, and bending workability improving that control of the cooling rate after 
homogenization of an ingot is important by the header and this processing, was carried out. 
[0007] 



[Problem(s) to be Solved by the Invention] In order that this invention may solve the above-mentioned conventional 
problem in the case of applying a 6000 system aluminium alloy as a shell plate for automobiles The above-mentioned 
knowledge is used as the base; A moldability, the product surface condition after fabrication, configuration freezing 
nature, dent-proof nature, etc., It is made as a result of having added a trial and examination further, about the relation 
of the property demanded as a shell plate for automobiles, and an alloy presentation and manufacture conditions. The 
purpose Offer the outstanding moldability in which flat hem processing is possible, and neither surface deterioration 
nor a RIJINGU mark is produced after shaping. It has the outstanding paint printing hardenability which can solve the 
problem of configuration freezing nature and dent-proof nature, and is in offering the aluminium alloy plate which was 
further excellent also in corrosion resistance, especially filiform corrosion product-proof nature, and its manufacture 
approach. 
[0008] 

[Means for Solving the Problem] The aluminium alloy plate excellent in the moldability and paint printing 
hardenability by claim 1 of this invention for attaining the above-mentioned purpose [ when it is the aluminium alloy 
plate which contains Si:0.5-1.5% and Mg:0.2-1.0%, and consists of the remainder aluminum and an impurity and proof 
stress exceeds 140MPa(s) according to room temperature aging after solution treatment and hardening ] It is 
characterized by the inside marginal bend radii in 180-degree bending after 10% **** deformation being 0.5mm or 
less. 

[0009] The aluminium alloy plate excellent in the moldability and paint printing hardenability by claim 2 Contain 
Si:0.5-1.5% and Mg:0.2-1.0%, and are the aluminium alloy plate which consists of the remainder aluminum and an 
impurity, and it sets after solution treatment and hardening. For the overall diameter of a Mg-Si system compound, the 
number of the compounds of 10 micrometers or less and the diameter of 2-10 micrometer is 2 1000 pieces/mm. [ when 
it is the following and proof stress exceeds 140MPa(s) according to room temperature aging ] It is characterized by the 
inside marginal bend radii in 180-degree bending after 10% **** deformation being 0.5mm or less. 
[0010] The aluminium alloy plate excellent in the moldability and paint printing hardenability by claim 3 is 
characterized by an aluminium alloy plate containing less than [ Zn:0. 1-0.3% ] further in claims 1 or 2. 
[001 1] The aluminium alloy plate excellent in the moldability and paint printing hardenability by claim 4 Contain 
Si:0.8-1.2%, Mg:0.4-0.7%, and Zn:0. 1-0.3%, and are the aluminium alloy plate which consists of the remainder 
aluminum and an impurity, and it sets after solution treatment and hardening. For the overall diameter of a Mg-Si 
system compound, the number of the compounds of 10 micrometers or less and the diameter of 2-10 micrometer is 2 
1000 pieces/mm. [ when it is the following and proof stress exceeds 140MPa(s) according to room temperature aging ] 
It is characterized by the inside marginal bend radii in 180-degree bending after 10% **** deformation being 0.2mm or 
less. 

[0012] The aluminium alloy plate excellent in the moldability and paint printing hardenability by claim 5 is 
characterized by an aluminium alloy plate containing less than [ Cu:1.0% ] further in either of claims 1-4. 
[0013] The aluminium alloy plate excellent in the moldability and paint printing hardenability by claim 6 is 
characterized by an aluminium alloy plate containing one or more sorts in less than [ Zr:0.15 ] farther less than 
[ Mn:0.3% ], less than [ Cr:0.3% ], and V;0.2% or less in claims 1 or 2. 

[0014] The aluminium alloy plate excellent in the moldability and paint printing hardenability by claim 7 is 
characterized by an aluminium alloy plate containing at least one of less than [ Ti:0.1% ] and B:50 ppm or less further 
in either of claims 1-6. 

[0015] The manufacture approach of an aluminium alloy plate excellent in the moldability and paint printing 
hardenability by claim 8 It is the manufacture approach of an aluminium alloy plate according to claim 1 to 7. The 
ingot of an aluminium alloy which has a presentation according to claim 1 to 7 After cooling to the predetermined 
temperature of a 350-500-degree C temperature requirement with the cooling rate of 100 degrees C/h or more after 
homogenization at the temperature of 450 degrees C or more, performing the hot rolling which starts rolling at this 
predetermined temperature and cold-rolling further, it is characterized by performing solution treatment and hardening 
at the temperature of 500 degrees C or more. 

[0016] The manufacture approach of an aluminium alloy plate excellent in the moldability and paint printing 
hardenability by claim 9 It is the manufacture approach of an aluminium alloy plate according to claim 1 to 7. The 
ingot of an aluminium alloy which has a presentation according to claim 1 to 7 It cools to the temperature below 
ordinary temperature -350 degree C after homogenization at the temperature of 450 degrees C or more. After cooling 
even 350 degrees C with the cooling rate of 100 degrees C/h or more in this cooling, performing the hot rolling which 
reheats subsequently to the temperature of 350-500 degrees C, and starts rolling and cold-rolling further, it is 
characterized by performing solution treatment and hardening at the temperature of 500 degrees C or more. 
[0017] The manufacture approach of an aluminium alloy plate excellent in the moldability and paint printing 
hardenability by claim 10 is characterized by performing hardening which cools even 120 degrees C with the cooling 



rate of 5 degrees C/s or more after solution treatment, and performing heat treatment of less than 50h at the temperature 

of 40-120 degrees C within 60 minutes after hardening in claims 8 or 9. 

[0018] 

[Embodiment of the Invention] If this invention explains the meaning and the reason for limitation of a component in 
this invention first about the 6000 system aluminium alloy used by T-four temper (solution treatment, hardening, 
natural aging) fundamentally, Si will function as giving high paint printing hardenability while coexisting with Mg, 
forming a Mg-Si system compound and raising reinforcement. The desirable content range of Si is 0.5 - 1.5%, at less 
than 0.5%, since reinforcement sufficient by heating at the time of paint printing is not obtained but a moldability is 
reduced further, if it contains exceeding 1.5%, proof stress will become high, a moldability and configuration freezing 
nature will fall, and the corrosion resistance after paint will also deteriorate. The still more desirable content of Si is 0.6 
- 1.3%, and the most desirable content is 0.8 - 1.2% of range. 

[0019] Mg coexists with Si, forms a Mg-Si system compound, and raises reinforcement. The desirable content of Mg is 
0.2 - 1.0% of range, at less than 0.2%, if reinforcement sufficient by heating at the time of paint printing is not obtained 
but 1 .0% is exceeded, the proof stress after solution treatment and the last heat treatment will become high, and a 
moldability and configuration freezing nature will fall. The still more desirable content range of Mg is 0.3 - 0.8%, and 
the most desirable content range is 0.4 - 0.7%. 

[0020] Zn functions as improving surface treatment nature. A desirable content is 0.1 - 0.3% of range. At less than 
0.1%, if the effectiveness is not enough and exceeds 0.3%, the corrosion resistance after a material and paint will fall. 
When it contains 0.1 - 0.3% of Zn, it is still more desirable for Si to make and to make Mg into 0.4 - 0.7% of range 0.8 
to 1.2%. 

[0021] Cu, Mn, Cr, V, and Zr function on improvement in reinforcement, and the surface deterioration prevention at 
the time of the fabrication by grain refining. If it is the range less than [ Cu:1.0% ], less than [ Mn:0.3% ], less than 
[ Cr:0.3% ], V:0.2% or less, and not more than Zr:0.15% and, as for a desirable content, the above-mentioned range is 
crossed, respectively, a big and rough intermetallic compound will generate and a moldability will fall. Still more 
desirable content range is Mn:0.05-0.15%, Cr:0.05-0.15%, V:0.05 - 0.15%, and Zr:0.05-0.12%. About Cu, when 
corrosion resistance is thought as important 0.3 to 1.0% from a viewpoint of a moldability, 0.1% or less is desirable. 
[0022] Ti and B function as making cast structure detailed and raising a moldability. Less than [ Ti:0.1% ] and the 
range of a desirable content are B:50 ppm or less, if contained across the above-mentioned range, respectively, a big 
and rough intermetallic compound will increase and a moldability will fall. In addition, 0.3% or less of Fe content does 
not affect the effectiveness of this invention preferably 0.5% or less. 

[0023] Below, the manufacture approach of the aluminium alloy plate by this invention is explained. Ingot making of 
the aluminium alloy which has the aforementioned presentation is carried out by the usual DC casting, and it 
homogenizes about the obtained ingot. As for homogenization temperature, it is desirable to carry out at the 
temperature of 450 degrees C or more. At less than 450 degrees C, it may become it is not enough and inadequate 
dissolving [ of the Mg-Si system compound which raises reinforcement ] removal of an ingot segregation and 
homogenization, and a moldability may fall. 

[0024] If the cooling rate after homogenization is slow, since a Mg-Si system compound will deposit and condense, the 
solution treatment for carrying out ** ON of this compound takes long duration, and working capacity is reduced. 
Improvement in bending workability is attained, it becomes possible to shorten solution treatment time amount by 
controlling the cooling rate after homogenization, and the organization which has the desirable deposit condition of a 
Mg-Si system compound is obtained, when proof stress is heightened by room temperature aging after solution 
treatment and hardening and proof stress exceeds 140MPa(s) according to it, it also sets, and the inside marginal bend 
radii in 180 degree bending after 10% **** deformation are acquired for the moldability of 0.5mm or less. 
[0025] For that purpose, when an ingot is cooled after homogenization and it becomes the predetermined temperature 
within the temperature of 350-500 degrees C, in starting hot rolling, even the initiation temperature [ temperature / 
homogenization ] of hot rolling is cooled with the cooling rate of 100 degrees C/h or more, and it starts hot rolling. 
Moreover, after homogenization, when reheating at 350-500 degrees C and starting hot rolling after cooling an ingot to 
the temperature below ordinary temperature -350 degree C, homogenization temperature to 350 degrees C cool with the 
cooling rate of 100 degrees C/h or more at least. The desirable deposit condition that a cooling rate can attain 
improvement in bending workability byh in less than 100 degrees C /is not acquired. It is desirable to control in 
consideration of cooling equipment etc. in cooling rate of 100-1000 degrees C/h. In addition, the cooling rate after 
homogenization of the ingot in a process is usually 30 degrees C/h or less. 

[0026] As for hot rolling, it is desirable to start at the temperature of 350-500 degrees C. At less than 350 degrees C, 
deformation resistance becomes large and rolling efficiency falls. If it rolls out at the temperature exceeding 500 
degrees C, big and rough-ization of crystal grain will arise during rolling, and it will become easy to generate a 
RIJINGU mark. As for the point of deformation resistance and a processing organization to hot rolling, it is still more 



desirable to start at the temperature of 380-450 degrees C. 

[0027] After hot rolling, inserting intermediate annealing if needed, it cold-rolls by the given thickness, and solution 
treatment and hardening are performed after that. Desirable solution treatment temperature is 500 degrees C or more in 
temperature, and in order for dissolving [ of a Mg-Si system compound ] to become insufficient [ less than 500 degrees 
C ], and not to obtain sufficient reinforcement and a moldability or to obtain required reinforcement and a moldability, 
since the solution treatment of long duration is extremely needed, it is not desirable on industry. 
[0028] As for hardening after solution treatment, it is desirable to cool still more preferably even 120 degrees C 5 
degrees C [ /] or more with the cooling rate of 10 degrees C/s or more s. When a hardening rate is slow, a deposit of a 
solute element arises, and while a strength property, paint printing hardenability, and a moldability deteriorate, 
corrosion resistance falls. 

[0029] As the last heat treatment, heat treatment of less than 50h which carries out time amount heating can be carried 
out to the temperature of 40-120 degrees C within 60 minutes after hardening, and improvement in paint printing 
hardenability is obtained by this last heat treatment. A moldability and paint printing hardenability may fall in the time 
amount exceeding the temperature which the temperature of less than 40 degrees C is not enough as improvement in 
paint printing hardenability, and exceeds 120 degrees C, or 50h. 

[0030] In addition, also in the conventional 6000 system aluminium alloy, although raising paint printing hardenability 
by solution treatment and the last heat treatment after hardening is performed, in this invention, by carrying out the 
cooling rate after homogenization in 100 degrees C/h or more, dissolution of the solute element at the time of solution 
treatment is promoted, and the improvement effect of paint printing hardenability becomes large from the case where 
the last heat treatment is performed in the conventional 6000 system aluminium alloy. 

[0031] [ after performing natural aging after solution treatment, hardening, or hardening in this invention (T-four 
temper) ] the overall diameter of a Mg-Si system compound » the number of the compounds of 10 micrometers or less 
and the diameter of 2-10 micrometer - 1000 piece/mm2 the organization which considers as the following - by 
offering description When a moldability and paint printing hardenability have been improved and proof stress exceeds 
140MPa(s) according to room temperature aging, the inside marginal bend radii in 180-degree bending after 10% **** 
deformation can maintain the moldability of 0.5mm or less certainly, and serve as an ingredient in which flat hem 
processing is possible. 
[0032] 

[Example] Hereafter, while explaining the example of this invention as contrasted with the example of a comparison, 
die effectiveness is proved based on it. In addition, these examples are for explaining one desirable embodiment of this 
invention, and, thereby, this invention is not restricted. 

[0033] Ingot making of the aluminium alloy which has the presentation shown in Table 1 by example 1 direct chill 
casting process was carried out, the obtained ingot was homogenized 6h at the temperature of 540 degrees C, and it 
cooled to the room temperature with the cooling rate of 300 degrees C/h. Subsequently, this ingot was reheated in 
temperature of 400 degrees C, and hot rolling was started at this temperature, and it rolled out to 4.0mm in thickness, 
and carried out to 1mm in thickness through cold rolling further. 

[0034] About the obtained cold rolling plate, after performing solution treatment for 5s at the temperature of 540 
degrees C, it hardened with the cooling rate of 30 degrees C/s to the temperature of 120 degrees C, and 3h heat 
treatment was performed at 100 degrees C after [ of an after / hardening ] 5 minutes. 

[0035] The following approaches estimated the tractive characteristics ten days after the last heat treatment, a 
moldability, corrosion resistance, and paint printing hardenability by having made the obtained last heat treatment plate 
into the test coupon, and the number of the compounds of the overall diameter of a Mg-Si system compound and the 
diameter of 2-10 micrometer was measured. Moreover, about marginal bend radii, it evaluated four months after the 
last heat treatment among tractive characteristics and a moldability. A result is shown in Tables 2-3. 
[0036] Tractive characteristics: Perform a tension test and it is tensile strength (sigmaB). Proof stress (sigma0.2) and 
elongation (delta) are measured. 

Moldability: Perform an Erichsen test (EV) and make into a rejection that to which shaping height does not amount to 
10mm. Moreover, for evaluation of hem workability, 180-degree bending test which measures the marginal bend radii 
after 10% **** prestrain is performed, and inside marginal bend radii consider 0.5mm or less as success. 
[0037] Corrosion resistance: About a test coupon, commercial chemical conversion liquid performs phosphoric-acid 
zinc processing and electropainting, give the cross cut which reaches the base of aluminum, and it is JIS. After 
performing the salt spray test for 24 hours according to Z2371 and leaving it for one month in 50 degree-C-95% of 
humid ambient atmosphere after that, the maximum filiform corrosion product die length generated from the cross-cut 
section was measured, and the thing with a maximum filiform corrosion product die length of 4mm or less was 
considered as success. 

Paint printing hardenability (BH nature): Perform 2% of**** deformation, measure the proof stress (sigma0.2) after 



performing heat-treatment for 20 minutes (BH) at 170 degrees C, and proof stress considers the thing of 200 or more 
MPas as success. 

[0038] Measurement of a Mg-Si system compound: The overall diameter of a compound was measured by optical 
microscope observation, and the range of a total of one square millimeter (lmm2) was investigated on 1 pixel = 0.25 
micrometers conditions about distribution of the compound of the diameter of 2-10 micrometer using image-analysis 
equipment. The light and darkness of a compound performed distinction with an aluminum-Fe system compound, the 
compound particle was beforehand checked by point analysis, and detection conditions were selected on the level on 
which an aluminum-Fe system compound is not detected but a Mg-Si system compound is detected. 
[0039] 
[Table 1] 
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«table notes» B is ppm [0040]. 
[Table 2] 
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[0041] 
[Table 3] 
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0.2 


4 


D 


9 


720 


150 


0.3 


5 


B 


5 


580 


152 


0.4 


6 


F 


5 


520 


151 


0.4 


7 


G 


6 


600 


155 


0.3 



[0042] Test-coupon No. 1-7 according to the conditions of this invention all showed outstanding BH nature which 
exceeds 200MPa(s) in evaluation of BH nature, the shaping height in EV exceeded 10mm also about the moldability, 
inside marginal bend radii are also 0.5mm or less, and the good moldability is offered so that it may see in Tables 2-3. 
Moreover, the corrosion resistance which excelled [ die length / maximum filiform corrosion product ] in 4mm or less 
is shown. 

[0043] Ingot making of the aluminium alloy which has the presentation shown in Table 4 by example of comparison 1 
direct chill casting process was carried out, the obtained ingot was processed at the same process as an example 1, and 
it considered as the cold rolling plate with a thickness of 1mm, and about the obtained cold rolling plate, solution 
treatment of the same conditions as an example 1 and hardening were performed, and 3h heat treatment was performed 
at 1 00 degrees C after [ of an after / hardening ] 5 minutes. 

[0044] The same approach as an example 1 estimated the tractive characteristics ten days after the last heat treatment, a 
moldability, corrosion resistance, and paint printing hardenability by having made the obtained last heat treatment plate 
into the test coupon, and the number of the compounds of the overall diameter of a Mg-Si system compound and the 
diameter of 2-10 micrometer was measured. Moreover, about inside marginal bend radii, it evaluated four months after 
the last heat treatment among tractive characteristics and a moldability. A result is shown in Tables 5-6. 
[0045] 
[Table 4] 
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Hg 


Co 


Ho 


Cr 
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Pe 
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0.01 






0.20 


0.03 
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5 


I 
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0.01 


0.05 


0.01, 
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0.03 


0.02 


5 


J 
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0.1 


0.01 
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0.03 


0.02 


5 


K 


1.1 


1.4 


0.01 


0.05 
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0.20 


0.03 


0.02 


5 


L 


1.1 


0.5 


1.5 
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0.01 






0.20 


0.03 


0.02 


5 


M 


1.1 


0.5 


0.02 


0.5 


0.01 






0.20 


0.03 


0.02 


5 


N 


1.1 


0.5 


0.02 


0.02 


0.4 






0.20 


0.03 


0.02 


5 


0 


1.1 


0.5 


0.02 


0.02 


0.01 


0.4 




0.20 


0.03 


0.02 


5 


P 


1.1 


0.5 


0.02 


0.02 


0.01 




0.3 


0.20 


0.03 


0.02 


5 



«table notes» B is ppm [0046]. 
[Table 5] 



K 








mm 




r*k t ridt 


R 


.A. 

S 
















» 








































Go. 2 


6 


EV 


*m 




Oo.j 






MPa 


MPa 


% 


nrm 


mm 
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E 
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70 


30 
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0 


0.5 
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I 
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139 


31 


10.5 


0.5 


1.0 


224 


10 


I 
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65 


32 


10.8 


0 
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1W 


11 


E 
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on 

29 
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0.6 
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12 


L 
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0.4 
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M 
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A1 T 
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N 
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9. 6 


A A 

0.4 


1.0 
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15 


0 


247 
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28 


9.8 


0.5 


1.0 
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16 


P 
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27 


9.5 


0.7 
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[0047] 
[Table 6] 
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mm 
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85 


0 


9 


I 


15 


1350 
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0.7 


10 
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3 


260 


79 


0 


11 


E 


18 


2430 
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0.7 


12 


L 


9 


880 
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0.5 


13 


M 


12 


1250 


146 


0.7 


14 


N 


8 


940 
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0.5 


15 


0 


12 
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0.6 


16 


P 


14 


1290 
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0.7 



[0048] Since test-coupon No. 8 have few amounts of Si and test-coupon No. 10 have few amounts of Mg as shown in 
Tables 5-6, all are inferior in BH nature. Since test-coupon No.9 have many amounts of Si and test-coupon No. 1 1 have 
many amounts of Mg, in all, bending workability has deteriorated. Since test-coupon No. 12 have many amounts of Cu 
(s), they are inferior in filiform corrosion product-proof nature, since there are many the amount of Mn, amounts of Cr 
(s), amounts of V, and amounts of Zr respectively, test-coupon No. 13-16 have the small shaping height of EV, and its 
bending workability is not enough, either. 

[0049] The ingot of alloy No.A and C of an example 2 and example of comparison 2 example 1 is used. Perform 
cooling and hot rolling on the conditions shown in Table 7 after 8h homogenization at 540 degrees C, and it carries out 
to 4.5mm in thickness. Hardening which performs solution treatment on the conditions shown in Table 7, and is 
subsequently cooled with the cooling rate of 15 degrees C/s to 120 degrees C after cold-rolling to 1mm thickness was 



performed, and the 5h last heat treatment was added at 90 degrees C after [ of hardening ] 10 minutes. In addition, it 
cooled to hot rolling temperature after homogenization, and hot rolling was started as it was. 

[0050] The same approach as an example 1 estimated the tractive characteristics ten days after the last heat treatment, a 
moldability, corrosion resistance, and paint printing hardenability by having made the obtained last heat treatment plate 
into the test coupon, and the number of the compounds of the overall diameter of a Mg-Si system compound and the 
diameter of 2-10 micrometer was measured. Moreover, about marginal bend radii, it evaluated four months after the 
last heat treatment among tractive characteristics and a moldability. Furthermore, after giving 10% of **** deformation 
in the direction of 90 degree to a rolling direction, electropainting was performed and the existence of generating of a 
RIJINGU mark was observed by viewing. A result is shown in Tables 8-9. 
[0051] 
[Table 7] 
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30 
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550-3 
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[0052] 
[Table 8] 



a-* 

K 


□ 














m 


































































Ob.j 


6 


EV 


mm 
























WW a 


(To. 2 














*s 












HPa 


HPa 


% 


IfflTl 


iron 




hud 


HPa 


17 


A 


243 


123 


OA 

oO 


10. 7 


0.1 


mv 


1 a 
1. u 




18 


A 


248 


126 


31 


1 A C 

10. O 


0 


lit 


1. 0 




19 


c 


244 


125 


31 


■I a e 

10. 5 


0 




A C 

0. b 




20 


c 


249 


127 


30 


10.4 


0 


ML 


0.5 


216 


21 


c 


252 


129 


31 


10.5 


0.1 


mv 


0.5 


215 


22 


A 


195 


80 


30 


1 A O 

10. 8 


0 


mv 


1 A 
1. 0 


1 OA 

loU 


no 

23 


A 

A 


207 


92 


OA 

30 
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[0053] 
[Table 9] 
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A 


22 
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17 
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0 


24 


A 
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C 


26 


2400 
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[0054] As shown in Tables 8-9, the outstanding tensile strength and BH nature, a moldability, and corrosion resistance 
are shown, and, as for test-coupon No. 17-21 according to this invention, four months after room temperature aging is 
maintaining good bending workability. On the other hand, since the cooling rate after homogenization is small, tensile 
strength is low and, as for test-coupon No. 22, No.23, and No.26, inferior also in BH nature. Since test-coupon No.24 
had high hot rolling temperature, they originated in the organization growth at the time of hot rolling, and the RIJINGU 
mark generated them. Since solution treatment temperature is low, tensile strength is low and, as for test-coupon No.25, 



inferior also in BH nature. 

[0055] Ingot making of the aluminium alloy which has the presentation shown in Table 10 with an example 3 and 
example 3DC casting of a comparison was carried out, the obtained ingot was homogenized 6h at the temperature of 
540 degrees C, and it cooled to the room temperature with the cooling rate of 300 degrees C/h. Subsequently, this ingot 
was reheated in temperature of 400 degrees C, and hot rolling was started at this temperature, and it rolled out to 
4.0mm in thickness, and carried out to 1mm in thickness through cold rolling further. 

[0056] About the obtained cold rolling plate, after performing solution treatment for 5s at the temperature of 540 
degrees C, it hardened with the cooling rate of 30 degrees C/s to the temperature of 120 degrees C, and 3h heat 
treatment was performed at 90 degrees C after [ of an after / hardening ] 5 minutes. 

[0057] The same approach as an example 1 estimated the tractive characteristics ten days after the last heat treatment, a 
moldability, corrosion resistance, and paint printing hardenability by having made the obtained last heat treatment plate 
into the test coupon, and the number of the compounds of the overall diameter of a Mg-Si system compound and the 
diameter of 2-10 micrometer was measured. Moreover, about marginal bend radii, it evaluated four months after the 
last heat treatment among tractive characteristics and a moldability. A result is shown in Tables 11-12. 
[0058] 
[Table 10] 
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«table notes» B is ppm [0059]. 
[Table 11] 



ft* 












D T_T UU 


R 


















U 










































d 


BV 


mm 


MB * 


BH& 

Oo. 2 






HPa 


HPa 


% 


nun 


nun 


nun 


HPa 


21 


a 


243 


124 


OA 


10.8 


0 


A C 
(J. 0 


OAO 


oo 

zo 


D 


,247 


126 


OA 
OU 


10.6 


0.1 


1. 0 


01 A 
ZlU 


on 

29 


C 


246 


128 


01 

31 


10.8 


0 


1 A 
1. U 


OI 0 

213 


nn 

30 


j 

a 


247 


125 


OI 

61 


10.6 


0 


1. 5 


OAO 

21)9 


31 


e 


249 


127 


30 


10.6 


0.1 


1.5 


211 


32 


f 


251 


129 


29 


10.5 


0.2 


1.5 


214 


OO 

33 


g 


186 


75 


OI 

61 


10.8 


0 


A 
0 


1 /IO 

149 


OA 

34 


b 


254 


137 


on 
oU 


10.9 


0.3 


1 A 
1. U 


01c 
lib 


do 


l 


182 


77 


00 

oZ 


11 


0 


1 


1 70 

lrZ 


36 


S 
J 


280 


142 


29 


10.2 


0.6 


1 A 

1. 0 


ooo 
229 


37 


■_ 

K 


nil r 

245 


i no 

128 


OA 

30 


10.4 


0 


O A 

2. 0 


OI c 

215 


38 


1 


247 


132 


29 


10.6 


0 


3.0 


218 


39 


a 


252 


134 


28 


9.4 


0.4 


1.5 


221 



[0060] 
[Table 12] 
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[0061] Test-coupon No.27-32 according to this invention all showed outstanding BH nature which exceeds 200MPa(s) 
in evaluation of BH nature, the shaping height in EV exceeded 10mm also about the moldability, inside marginal bend 
radii are also 0.2mm or less, and the good moldability is offered so that it may see in Tables 11-12. Moreover, the 
corrosion resistance which excelled [ die length / maximum filiform corrosion product ] in 2mm or less is shown. 
[0062] On the other hand, since test-coupon No.33 have few amounts of Si and test-coupon No.35 have few amounts of 
Mg, all are inferior in BH nature. Since test-coupon No.34 have many amounts of Si and test-coupon No.36 have many 
amounts of Mg, bending workability falls [ all ]. Test-coupon No.37 have few amounts of Zn, and since test-coupon 
No.38 have many amounts of Zn, its filiform corrosion product-proof nature is inferior in all Since test-coupon No.39 
have many amounts of Fe(s), its shaping height of EV is small and its bending workability is not enough, either. 
[0063] The ingot of alloy No.a of an example 4 and example of comparison 4 example 3 is used. At the temperature of 
540 degrees C After 5h homogenization, After performing cooling and hot rolling on the conditions shown in Table 13, 
carrying out to 5.0mm in thickness and cold-rolling to 1 .0mm thickness, Solution treatment was performed on the 
conditions shown in Table 13, hardening subsequently cooled with the cooling rate of 150 degrees C/s to 120 degrees C 
was performed, and the 2h last heat treatment was added at 80 degrees C after [ of hardening ] 5 minutes. In addition, it 
cooled to hot rolling temperature after homogenization, and hot rolling was started as it was. 

[0064] The same approach as an example 1 estimated the tractive characteristics ten days after the last heat treatment, a 
moldability, corrosion resistance, and paint printing hardenability by having made the obtained last heat treatment plate 
into the test coupon, and the number of the compounds of the overall diameter of a Mg-Si system compound and the 
diameter of 2-10 micrometer was measured. Moreover, about marginal bend radii, it evaluated four months after the 
last heat treatment among tractive characteristics and a moldability. Furthermore, after giving 10% of **** deformation 
in the direction of 90 degree to a rolling direction, electropainting was performed and the existence of generating of a 
RIJINGU mark was observed by viewing. A result is shown in Tables 14-15. 
[0065] 
[Table 13] 













6* 


& 




mm. 




*t 
















•c 


CC) (s) 


40 


a 


300 


400 


550-5 


41 


a 


200 


470 


530-10 


42 


a 


600 


440 


540-10 


43 


a 


40 


450 


550-5 


44 


a 


300 


540 


520-10 


45 


a 


250 


420 


450-10 



[0066] 
[Table 14] 
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[0067] 
[Table 15] 
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[0068] As shown in Tables 14-15, the outstanding tensile strength and BH nature, a moldability, and corrosion 
resistance are shown, and, as for test-coupon No.40-42 according to this invention, four months after room temperature 
aging is maintaining good bending workability. On the other hand, since the cooling rate of homogenization is small, 
tensile strength is low and, as for test-coupon No.43, inferior also in BH nature. Since test-coupon No.44 had high hot 
rolling temperature, they originated in the organization growth at the time of hot rolling, and the RIJINGU mark 
generated them. Since solution treatment temperature is low, tensile strength is low and, as for test-coupon No.45, 
inferior also in BH nature. 
[0069] 

[Effect of the Invention] According to this invention, the outstanding moldability in which flat hem processing is 
possible is offered, it has the outstanding paint printing hardenability which neither surface deterioration nor a 
RIJINGU mark is produced [ hardenability ] after shaping, and reconciles configuration freezing nature and dent-proof 
nature, and the aluminium alloy plate which was further excellent also in corrosion resistance, especially filiform 
corrosion product-proof nature, and its manufacture approach are offered. The aluminium alloy plate concerned is used 
suitable for a transportation device member, for example, the hood for automobiles, a fender, a trunk lid, a roof, a door, 
etc., and enables the gage down of these members. 
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fttfjBifcfcttsrtfliis^iatf^s^o. 5mmHTf fcwm. MMi&fi o z t ittftb-t zmmtsxv 

mm) Si : 0. 5-1. 5%, Mg : 0. 2 10 [if$ll9 ] l-7OVvf*t*>teiE«<0T;t<$ 

-l . o%£#*U 5SSI5A i tsXtPpmnrttlT -^A^AfioHasrffiTftoT, il*«i-7cov^-r 

Mg-si m&fan&k&tfi o//merf. 2 45 oxmafflKt^wtaiaa, «a-3 5 o°c* 

- 1 0 txm&nfc&fanmfi 1 0 0 0|/mm2 fiTFC »<0iB*i TfcSIU K&flJfcfeWC 3 5 01C4?* 1 

& o s mmmzx o 1 4 0 m p a * *gi/t«^ 0 o°c/h ixtw&ms-e&ai u out- 350-5 

KtjV^Tt, 1 0%3ig8gB»0 18 0" fttfUnlC* 0 OX^)^fcBMiL"CffiE*l»frriJRiaiEE*ff 

®tt&mm£vmmmttmitmzmtit:T>i>$- nam, mMi^nozt^mt-r&mitaxtm 

limm] «ET^5=^^KA«, SfefcZ 20 [IMIO] Tfiffi»*ft«Blft, 12 0X;4T'*5 

n:0. 1-0. 3%***i-6ikS«at-t6i** ' X:/s]^(?)»fiB»"C?WW-*«WJlt4TV\ f&Ml 

mttti2§mnj&jmbiim3mttWMt&izmi m o»j-». 40-12 oroiares 0 hiyi*j<o 

fcr^s-^^K. aara^ff o-t *i*fst-r4is*«84fctt9iEa«) 

[1**314] Si : 0. 8-1. 2%. Mg : 0. 4 ^ttfcil^Hjif+SftlttgtUtr^S-^A^ 
-0. 7%. Zn : 0. 1~0. 3%^^#L. SgBA 

mmmm. mxtimza ^x » m g - s i auteW) [ 0 0 0 1 ] 

ft*ga* 1 0 ^ mfiiT. 2-10// mg<7){b-&ft«?)isc* s [fHBwH't&flsif^iF] *B9H4, m&^axifmm 

1 0 0 oi/mm! arx-h 0 . £aft*&£j: oba* mnmtmzmti. mmssmt < izmmmtmt 

14 0MPa£»£fc*£fci3VvCfc. 1O%3I5J0SB 30 LTffaSrT^S^A^K, *J:0f-e«Wi*lfet: 

«*> 1 8 0 • mmxizMi-zftmmftmfiMZtfo . mth . 

2 mmams: t *fta£-f hrnmaxxmrn. 1 0 0 0 2 ] 

ft«ftttfcftfutr;P5=->A-&A«. [<£*?>&«?] MnuWMU: LT(i. 1 ) B^tt. 

[ 3f$g 5 ] Mier/U S ^A£&&#, $ c 2 ) J&ft*t£tt ( T U Xt^ft&rVXWnmyfim 

u : 1. 0%UtT (0%£-££-f, JSTRt) tztthk^dim) . 3) ifvUt. 4) W&tt, 

jgttfc it^ajiftflMttttflHutr^s-^A'&A t\ 500 o^r;us-<7A^^6 o oo^r/ws- 

n : 0. Cr : 0. 3%&T\ V: 0. 2% 40 6 0 0 O^T/^-^A^&tfiiBSfu 8*<Oi$ 

OT. Zr : 0. 1 5%OTO^^C0iam_h^^fl-r ftj6*ffi»M"C^4. 

izt zmubt tm&. i-5<r>^-?tiMztm<7))8. [0003] &nmmwRt Lx^zn&mixwm 

[M«S7] Mer;US -»7A-^«35* S S<»KT 0. »*tWLTM#{±«R-f&**, 600 0mr^S 
i : 0. 1%OT, B : 5 0 p p m&TcOo -^A^tCfc^Tli. »KatBtttflBlfeW*<0fiO 

bi>m£tt-thzb£%f®b-tm$imi~~6<?)^ fmx-ruxmxz'n^. ^mmmn^umx-mit 

■rtifiHzimo&m&ti x vwmmmw&.i,zm.K7 ^xm^im^. ®tT>hmfi±.*it&b^$*m 

;i-s-^a-^s. (cj: vznmRtmMztmix^i mm*5-2 

[»*3S8] H^ai~7W^*HcieKcOT;l-= 50 47610-Sf-&$8, «fHHF5-2 7 98 2 2-^W. ^ 



4/12/07, EAST Version: 2.1.0.14 



(3 

3 

m 6-1 7 208mm%z) . 

[0004] mtnxm<m&mmz^xit. e o o 

5 0 0T)W±^&rC^b«L£flL 4 5 0-35 

h (#^¥7 - 2 2 8 9 5 6#&$8) 5 0 O'CUUb ' 
<^ft«Jia£a><o4 5 O'CtfMEg&gfctfJfflt 

i.^c5^9jSS* { s< is t . m g - s i m&ton 
iooo5] mmz^xn. mmmtm<oT*;? 

l>i&£, ffi(f+'t^ (R) fcfficJI (t ) fcOit (R/ 
t ) < iOl^ftO® t V U 8 0 * fttf ML (75 20 
7 h^AjDl) i^flS**, 6 0 0 O^TA-S-^A 
5 0 0 0 ^7/U S -^A^AfcJfc'CT Mf ML 

m*£K>. ruxmxm^^&x'iiy^^ 
toxmzffimtfZitxut:. 

:ooo6] &&%7\sziti3mts £V^j*ml&&& 

CtSfcrtC. Mn:0. 0 1-0. 3 0%m> F 
efrO. 3 0%JaTCaMLfe6 0 0O3RT/P5-^ 

^miiza^x. mmwm&vA 1 -Fejwt^iwj 

i^Mg2 S i fliUft^^g. WI, 3 

tiffi%ZtlX\.*& U8ffl2 0 0 0-1 44 2 9^ 

**, #9J*fctt. 6 00 0^r/l^-->A£-&tttf)fiSye 
tit < CfttfJnitt^S fe(caHM-«&fc«><?>^ffiK:o^ 
■CWtfcfrafctt*. 600 03R££fc:;fevvc. Sfce 

sraf^&aia^ifciJtiPtfsgT-*) set * jwb l . z 
mmtzx^x. mmwm. mjim, Mg-sii 

??>Zt$:>faM.lfz. 40 
[0007] 

imwtmt* o ttmrn) 6 o o o& 

' * . ifcHHifcHIHBi* D x>^-7- ;? 1 5 £ t 50 



^2002-356730 
4 

■t&ztizbh. 

[0008] 

ti fcflKlfc 7^ S - •> J*-&&fflt , Si : 0. 5-1. 
5%, Mg : 0. 2-1. 0K***U 1 fij: 

tPra$%*^&*>7^$-^A££«T'&^T. 

«wifiW)sanM»K «fc o 1 4 0 m p a * 
iix*:^^ ^ct . 10 %5m$m@& 1 8 0 • ft 
ffjDltfc»tSrtW#fttf*g*f 0 . 5 mmjaT-e* 

[0009] m&12 fc«k SfiSIMtfc JtmiS&tfSft 
ttfcWlfcTA'S-tfA^AKtt. Si : 0. 5-1. 
5%, Mg : 0. 2-1. 0%£ir*U &MA 1 fc<t 

tpr^* 1 7^ s ->7 A-&^«t'j> -> t . mmt 

ifilOlxml&T. 2-10//mgtf>ft > ^ft^*n0 0 
OH/mm 2 OTT'& 0 . IiS«(:J: 1 4 0 

MPz*mz.tz$&\,zi$^xi>. \ o%nm^mk<oi 

80- ft{fjDltfc(t^l*lMI5l#*{f^* J 0. 5mm 

VTX'b&ztzmti-z. 

[ooio] mm3 izxzfm&axxMmmmt 

fc^T, T^S-^A-g-^*^ ?«,CZn : O. 1- 

o. 3%wF*isimzk*imb-rs. 
[ooin mm4 izizmmxrmmmttmt 

mz&tlfc T)V 5 ^. «7 , Si : 0. 8-1. 
2%. Mg : 0. 4-0. 7%. Zn : 0. 1-0. 3 

g-S i*ft^*0WH*a*«l 0x<mOT. 2-10/1 
mg^t^-ife^^ 1 0 0 Oli/mmi UITT'*> 0 . S 
i&tiffllzX 0»^* { l 4 0MPafettifc*^fc:*JV^r 

i o%3\wm£ni8o° mnnxizm&m 

[0012] »*JS5 KJ:4i««tttJ it«6SS«ft«fl: 

tttfth* r^s A^Ktt . 11^ i -4 *nvf 

[0013] m$m6 tzxijSM&tsxtmmmmt 
mzfs.ixtzTfUi-^M.^mn. mmiztM2iz 

ii^X. $^>(CMn : 0. 3% 

tlT,Cr:0. 3%OT. V : 0. 2%WT, Z r : 
0. 15JaT<oa^l«SLh***t*£i:*«fai: 

[00 14] mM7 G.XllB3BGSS*XHti&tttmc. 
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mz&titcTii>i -<7A.&&mt. m*m~~6<r)^i? 

0 . 1 B : 5 0 p p mlXTcO? *»cO^< t h 

i m^-Th z t zimt -th . 

[0015] mxmzizx&fm&tsztmimimit 

mzf&titzT^i-^^^mmt-nmn. mm 

4> 7)V 5 . 4 5 OXmoiSgT^ 

®^at^ i oo < c/hti±c7)^aia«t'3 5o~5 10 

[0016] lt*«9 K J: tJSJBttfeiO^ftftWl: 

IB*® l - 7 «v vtfhjwcaaraiijs* tf^ 
»«af^ «ffl~3 5o-c*}W«oas^t'^aiL. is 20 

ftSHCiSlrVC 3 5 0'C2T'£ 1 0 0'C/ h&±<V<%im 
flTCJMIJU owe3 5 0-5 0 0Xtf>iI*{CilMiL 

5 o owiLnrnx-mmum. mjiznoz 

[0017] mim i oi/zx imsma zzmmmn® 
itmzimtiT^i-v&iit&Mnwmimii. mm 

m owj.mz. 40-12 o'ccoiaSTs o hjarto 30 

[00 18] 

<**ft«Hi, «a*u fsai^ai) -c^ffl-ti.60 00 

St, Site, MgtmtMg-S i%(t&faZB 
5-1. 5%?&9, 0. 5%*)lf(iMHjK#B#coiD 40 

ztib*). i. 5x*i»iT*^rr*i:. 

ttt*ftt&. S iCDZUzmi^GMltO. 6- 

1. 3%, ai,»iiLv^*«jio. 8-i. 2%<om 

[00 19] Mglt S i fc£#LTMg-S i&ffrg- 
<i0. 2-1. OXflraHTaO. 0. 2%5fc)ST'«iM 

i^^pgfeT-hft-^ssa^^nr, 1.0%*$ so 



^2002-356730 
6 

mm&wmmR&MiTth. Mgnzuz 

Jff*UWMnffl»40. 3-0. 8%, ftiff*U*# 
*®H«i0. 4-0. IXX'hh, 
[0020] Znli, *®JaattSre2#-ri)J:318«g-r 
*.ff*U***»40. 1-0. 3%c7)®Ht'J>S. 
o. lX&mx-tetato&tf-Htx^. 0. 3%$rS 
a htmn^rmmmnm^imT-rh .zno. 

1-0. 3%Sr**t*«^«ctt, SiliO. 8-1. 
2%. MgteO. 4-0. 7%««Hi:-f*^)* t S'5>fc 

[0021]C Ul Mn,Cr, V, Zrli $gg<0fi 

+&. #*U>£*i*li, Cu : 1. 0XJ21T. Mn : 
0. 3%£IT, Cr : 0. 3%UTr\ V: 0. 2%W 
T, Zr : 0. 1 5%WFcr>mX'h Y ). **l.*'*lije 
f5®ffl$r®A 1 1 . «*&#JSIiM[:£ ixm 
mt&T-fZ, 84(CfF*U*trinUI2. Mn : 0. 
0 5-0. 1 5%. C r : 0. 0 5-0. 1 5%, V : 

0. 0 5-0. 15%, Zr : 0. 0 5-0. 12%? 
&*. CutC-^vtJi, jOgttOftS*»fettO. 3- 

1. o%, m&mfimmzti&m&tziio . lxwrifi 
[0022] Tifcii^Bu. ^mmmmix, 

T i : 0 . 1 %UIT, B : 5 0 P P mOTO«fflT-£> 

^JSra^ft* { *iiDLTfi)ygtt*^T-fl». 0. 
5 %UIT. if 4 I < tt 0 . 3 F e **tt*JHB 

[0023] J: &r;US^»>A-g-#« 

s-^a^j, Mitr. mmDc&mzx^xmm 
a?as«i4 5 o^ctLkoiag-ciT^co^jf^ lv\ 4 5 

4^3$S^(6]±$*& M g - S i aWfc£**)H»jW- 
[0024] ^K-fl^aafi^^aiaJS^jIV li.Mg- 

0, »*^aaiffl*«IBt*ik3&^i:«rO, Mg 

- s i afc&ftoff* u*ffai#B**r**iWbW*fc 
&<r>mmmz£ ->xminffi*> btmi)tf 1 4 0 m p 

a*|«Afc«*(CjSV^rfc. 10%?l5S^f^fcttl» 

i8o* MnmzmhftMmftMf*m<o . 5 m 
[0025] wzmzn. mimmik. &mz#iffl 
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ix. 3 5o^5oo°c<F>&mn<m%<r>m.izts:'>t: 
t,MSEmc?>mih®&z?z i o oxi/hiajbo&aa 

350-50 ox:m}mixfmimiMtetb*& 

tt. 4-&< t i^fl-ftS&Siaa*^ 3 5 O'CiTU: 1 o 
0iC/hJa±f5»aBMtC»»t4. ftifl&gtfl 0 0 

Hff!iJ«fflbW»i*i«rV». »a3Mre:£fc#*l,T. 1 10 
o o- 1 o o ox:/h<?)ti:&j&&izMW-t&<?)tf#i I 

JSffiJi3 0X:/hOT-C*l.. 
[0026] ffi>iai£Bili. 3 5 0-5 0 OXtf>iWCHi 
tt+4«>a«»4U\ 3 5 0X:mX'\t%mijitf±Z 
< & 9 EKIWjWKTT * . 5 0 0 'C$Ml Z&J&X'E. 

HE®{i3 8 0-4 5 OT^aUTCBIttM-**)*^ £>K 
i?4U\ 20 

[0027] fmmm.. &miz&tx*ffimm®& 
m%m$tx-ftffiimzft\,\ *<m. mmt 
m. ffiMiitfo. m i^mmmmm.it 500 

•C \:\±.<nm.X'b *) '. 5 0 0 •CjfciiT'ii . Mg-SiS 
4L<&^. 

[0028] *M«fflttW*iA*tfi. 1 2 0'C4 t'S: 
5-C/ s JiLh. $ fcfcff 4 L<fil O'C/s JJLtOftlfl 30 

[0029] S&fWIi LT, MAft.fi 6 0#Wrt 
£. 4 0-12 O'CO&KK 5 0 hJart^BSHWR'*-* 
£ t tfX'Z . £OflMHSWI(c J: OMSM 

§t^«Htttoi6j.bawc$r< . 1 2 o-cfcHisa 
ss^<i 5 o h zMimfflx-i}. im&*mm®tt® 
mtf&f+iz tifihi. 40 

[00 3 0] $r*J. ft3R<7)6 0 0 0^7/U$-^A-&& 

*«WKtJ^T«. mii\$mi£cr>#;Wmit: 1 0 0*C 
/ h fiLt t £ £ t iz «t 0 S»ftA3B$^i«73R<0ll 
?§#fflit£ivc ^<o6 0 0 0i&T/i'==-'>A£&fc 

[0031] *»flci3vvcii. ttfMttOM; MAft 



f«S2 002-3 56 730 
8 

{Cfc Wt s M g - S i &fc£ttOSAg# 1 0 ;u mJJl 
T, 2-1 Oum&CO'ik&Vimmn OOOffl/mm* 

§6*m«fl;ttjWS»3*i. Sffl^fcJ: OWAtfi 4 0 
MPafcjB£fc*atC*JVvCi, 1 0%gi3B8BfiW)l 
8 0 • fttf amfcfc{tSrtfilliR#ft»f ¥g#0 . 5 mm 

[0032] 

mtiktuz. ztiizm^uxzowkimmth. 
[0033] uttni 

DCg&j&iSt;:,}; 0«1 (c^-fffl^2r*-ri.r^S-'7^ 
U 5 4 0'C<Di&rC'6 hSj 

«flaaau, 3 0 o^/hwjwujfircaaiTJftat 
wc. zcommi 4 oo'cco^zntmLx. 

ZniS&X-fmSMZfflltkLXmZA. Omm^T'E® 

[0034] »£*ifc8HIE8HKfc:ov vc , 5 4 O'C^ 
iftStC5 s^»«tftSMI*IILfca, 1 2 0'CWSJ£4 
T3 0X:/s^)K«8ftBtC«Wi*ffv^ *tA*i«5# 

at. i o o^rsh^aftjaasrffoTt. 

[0035] #^>ft^ft»^i!ia«$rl«S!« t LT . W 

is. im%mmt&mmi\ m s - 

SiaMk'&WfWR^g. 2-1 0 fimm.<r>i\L^<^m 

{CO V (± , ftf«Jia> $> 4 *^ ttfctJ V vc t fF« L 

[0036] ?l3g^14 : 9l3tt»«rff v\ 513631$ ( o 
b ) , m-h (oo.t). W U) . 
«»tt:xi;^-fey|«fc(EV) $rflv\ |S»KS*<1 
0mmt l Z&l%^i>CDtt-&tet-t2>. 4fc, ^Ajnl 
tt«IHi«fc»(c. 1 0%?l3g^Sa<7)IS^tt(f i l i @5: 

aisrr* 18 0- ia»fiai*tfv\ (*iw*flff*s* { 

0. 5mmUlT££f8fc-tS. 
[0037] W^14 : S«®WCoV , OTcO-ft^S 

A«3Rffifc:j*t&^a^*-y>*ltUT. J I S Z2 

3 7 1 (ctcoTS^mm^ 2 4b#s^vk -c-oa. 
5 ox:- 9 5%<o®mmmuz 1 *»^fta L^a. ? 

aaaKtt«fttt(BHtt) : 2%&}\9ssB&nu 1 

7 01CT-2 OftcDtmMm ( B H ) Jffof^*,^ 
(<To.2)5ra3^L. W*4«2 0 0MPaJSLJ:Ot<0*-& 
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[0038] Mg-simt^mmm-.mmwmm 

*-0. 2 5//mcO»t^tlWSW-h;Kl 
mm 2 ) <OffiB£lttl.£. A 1 - F e^-ft&fti^E 



(6) KM 2 0 0 2-3 56730 

1 0 

* * £«S LT „ A 1 - F e *fHt&ft* { $ft£*Vf M g - 

[0039] 
[£U 





ffi J^dass %) 


Si 


Mg 


Cu 


Ha 


Cr 


V 


Zr 


Fe 


Zo 


Tl 


B 


A 


1.0 


0.5 














0.17 


0.02 


0.02 


5 


B 


0.8 


0.6 


0.02 


0.08 










0.17 


0.02 


0.02 


5 


C 


1.1 


0.5 


0.01 


0.08 










0.17 


0.02 


0.02 


5 


D 


1.0 


0.6 


0.7 


0.1 










0.17 


0.02 


0.02 


5 


E 


1.2 


0.4 


0.01 




0.1 








0.17 


0.02 


0.02 


5 


F 


1.1 


0.5 


0.01 


0. 15 






0. 12 




0.13 


0.04 


0.02 


5 


G 


1.1 


0.5 


0.4 


0.07 








0.08 


0.15 


0.03 


0.02 


5 



mm Biippm 



[0040] 



& « [312] 



m 


& 






AH 


m 




BH|4 












































00. s 


6 


BV 
























Oo.i 
























MPa 


MPa 


% 


nun 


mm 


nun 


MPa 


i 


A 


242 


125 


31 


10.8 


0.1 


0 


211 


2 


B 


245 


131 


30 


10.4 


0.2 


1.5 


220 


3 


C 


243 


• 127 


32 


10.6 


0.1 


0.5 


214 


4 


D 


274 


134 


31 


10.5 


0.2 


3.5 


221 


5 


B 


257 


135 


32 


10.6 


0.2 


1.0 


217 


6 


F 


259 


132 


30 


10.2 


0.3 


1.0 


208 


7 


G 


268 


136 


30 


10.3 


0.2 


2.5 


223 



[004 1] 
[S3] 



40 
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[004 3] JttSf^l 

6**3MIU *S£ftfc«$£flM{&Jlfc|Bl-<9Ii§T- 
»1U »S.lmmOJ«BE86«4:U. f»4>*ifc»HIE 

*iM?v\ «Mi«5aftfc» 1 0 OXTC'3 h^iuaa 
10 £firofc. 

[0044] ^^.ii/cm^&a^Sr^SiWi: LT, * 

mm i i: H-*>*afc j o x . g»&Huia>£> i o b®. 
ogiw&tt, m®. watt. ^^#^bttsrfffls 

U Mg-S 2~10xtm@^b 

[0042] *2~3tC»fe*l4J:3fc, *»*ff [0045] 
(CttdttllttNo. l-7liU-m{,. BHtt^Mfc [*4] 
fcVvt2 0 0MPa£j8;t&ll*l£BHtt£;r;U AJB 20 
V t> E V X-<T)fflm $ « 1 0 m m ZMl , 1*1(8 * 



& 


ffl dcGnass X) 


Si 


Mg 


Cu 


Ma 


Cr 


V 


Zr 


Fe 


ZD 


Ti 


B 


E 


0.3 


0.6 


0.01 


0.05 


0.01 






0.20 


0.03 


0.02 


5 


I 


1.9 


0.6 


0.01 


0.05 


0.01 






0.20 


0.03 


0.02 


5 


J 


1.1 


0.1 


0.01 


0.05 


0.01 






0.20 


0.03 


0.02 


5 


K 


1.1 


1.4 


0.01 


0.05 


0.01 






0.20 


0.03 


0.02 


5 


L 


1.1 


0.5 


1.5 


0.05 


0.01 






0.20 


0.03 


0.02 


5 


M 


1.1 


0.5 


0.02 


0.5 


0.01 






0.20 


0.03 


0.02 


5 


N 


1.1 


0.5 


0.02 


0.02 


0.4 






0.20 


0.03 


0.02 


5 


0 


1.1 


0.5 


0.02 


0.02 


0.01 


0.4 




0.20 


0.03 


0.02 


5 


P 


1.1 


0.5 


0.02 


0.02 


0.01 




0.3 


0.20 


0.03 


0.02 


5 



Blippm 

[0046] & $ [^5] 



« 


& 


MS-Si 


2 —10 wm 




HPa 


mm 

nun 


l 


A 


6 


550 


143 


0.2 


2 


B 


8 


800 


147 


0.3 


3 


C 


6 


650 


142 


0.2 


4 


D 


9 


720 


150 


0.3 


5 


£ 


5 


580 


152 


0.4 


6 


P 


5 


520 


151 


0.4 


7 


G 


6 


600 


155 


0.3 
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tt 












BHft 


a 








& 
















« 
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